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AB TRACT 
Statistical analysis of clustering of mitotic figures in adult human epidermis shows that 
this clustering is highly s ignificant. in excess of what can be explained by chance. To ex-
plain this, some cause for the clustering can be looked for. 
The results are consistent with the existence of a mitosis stimulating factor that is bal-
anced by a diurnally varying anti-mitotic factor or factors-perhaps the adrenal steroid 
chalone complex of present theory. Such a mitosis stimulating factor would have the char-
acteristics of an epidermal antichalone. 
The control of mitotic activity in epidermis 
involves diurnal variation. Diurnal variation in 
human epidermis has been reported by many 
observers, as reviewed by Kahn (1). Fisher also 
has written on this phenomenon (2). 
Recently the chalone theory has proposed cell 
produced chalone as a controlling factor in the 
mitotic activity of all tissues, including epidermis 
(3). The chalones are mitosis inhibitors, and are 
tissue specific. Epidermal cells make an epi-
dermal mitosis inhibitor, the epidermal chalone. 
which has been extracted from epidermis, and its 
effects in depressing mitotic activity in epidermal 
tumors {4) and in epidermis {5) demonstrated. 
Adrenalin and glucocorticosteroids, humoral fac-
tors, activate chalone, a cell factor, and the 
diurnal change in this adrenalin steroid chalone 
complex is related to the diurnal variation in epi-
dermis {2), and in other tissues where a diurnal 
variation exists. 
The chalone theory s tates that, in uiuo, a ll 
animal cells capable of mitosis need no s timulus 
to enter division. and that any apparent stimulus 
to mitotic activity may be due to removal or inac-
tivation of an inhibitor, the chalone {6). For gran-
ulocytes, an antichalone has been described, 
which acts as an apparent stimulus to mitotic ac-
tivity (7). So far, for epidermis, an antichalone or 
apparent stimulator has not been reported. 
Cells in mitosis in human epidermis are found 
in sites which are distributed apparently at ran-
dom, with relatively large areas in between 
showing no mitoses. At some of these sites single 
mitotic figures are found, but at many sites clus-
ters of varying numbers of mitotic figures occur 
instead. 
This grouping or clustering with empty spaces 
in between was observed in the epidermis of rab-
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bits, guinea pigs, and cats by Fleming (8), and 
then in human prepuce skin by Thuringer (9). 
Thuringer called these clusters growth waves, and 
found some of them to be 100 p.. in diameter, with 
as many as 10 to 14 mitotic ligures in one micro-
scopic field (400 magnification) at the centre, 
tapering to none a t the periphery. Cooper (10), 
Broders (11), Scheving (12) and Van Scott {13) 
confirmed this clustering in human epidermis. 
Davis (14) found clustering in mouse skin, and in 
the epithelium of the ureter and urinary bladder 
of the mouse, stating that in normal epidermis, 
mitoses tend to be arranged in groups, separated 
by areas of relative inactivity. 
Clustering manifests itself as a variation in 
concentration of mitotic figures. Such variations 
or distributions can be analyzed to see whether 
the extent of their irregularity is in accord with or 
differs from statistical theory of chance. 
If the distribution of mitotic figures in human 
epidermis is not chance, then some cause for the 
clustering can be looked for. A cell produced mi-
tosis stimulating factor, initiating a spread of 
mitotic activity from multiple foci. could result in 
significant clustering. Such a factor would have 
the characteristics of an epidermal antichalone, 
like the granulocyte antichalone of present 
theory. 
The purpose of this investigation was a statis-
tical evaluation of the clustering of mitotic ligures 
in human epidermis, and the changes in clus-
tering with relation to the diurnal cycle, relative 
to the considerations above. 
MATERIALS AND METHODS 
Eight volunteelb with no apparent skin disease were 
selected. They were older than forty to avoid variations 
due to age (15). Six biopsies were taken from the sacral 
buttock area of each volunteer. three at 9:00 A.M. 
numbered 1, 2 and 3, about 4 inches apart. and three 
more at 3:00 P.M. numbered 4. 5 and 6, close lo the 
preceding three. These two times were chosen as a con-
venient measure of the diurnal cycle. Thus, forty. eight 
biopsies in all were studied in this investigation. 
For each biopsy, a split thickness piece of skin about 
6 mm wide was obtained, either with a 6 mm punch, or 
by free hand dissection of an approximately 6 x 4 mm 
reclanl(le. Specimens were fixed in Bouin's between 
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glass slides for about an hour, for straightening and flat-
tening. then put into Bouin's and sent to the lab. Mul-
tiple sections were made, 8 p. thick, stained with H & E 
and numbered for identification. These sections were 
studied for mitotic figures under oil immersion. 
Mitotic: [il(ures. cheving {12) in 1959, described and 
showed photomicrographs of the various cells he 
counted as mitotic: figures. His criteria included the 
presence of a clear zone or halo about the reorganizing 
nucleus. and intercellular bridges (shrinkage artefact) 
connecting the cell with surrounding resting cells. His 
prechromosomal cells, and reconstitution cells satisfied 
these requirements, but in his pictures appear to have 
intact nuclear membranes. 
ftsher (2) excluded these very early and late stages 
from his counting. Robinson a nd Stoughton (16) used 
the nuclear membrane as a determining factor and ex-
cluded from their counting all cells in which the nuclear 
membrane was not disintegrated. 
In this investigation the chromosal cells of Scheving, 
prophase, metaphase, anaphase and telephase, were 
counted, with the rigid criterion that no cell with intact 
nuclear membrane was included. The cells that were 
accepted as mitotic figures are shown in Figures 1-3 and 
described in the legends. 
Folltc:ular openings. Due to mtense mitotic activity 
found in active hair follicles. recent studies have 
avoided counting mitotic cells in the intraepidermal 
portions of the follicles. and at least two cells of the 
epidermis on each side of the follicle ( 16). This would 
involve increased effort in counting, particularly with 
the large amount of counting necessary for this study. 
1bc follicles of buttock skin in adult humans do not 
~eem to be particularly active. To assess this factor. one 
morning (S.R. 3) and one afternoon biopsy (J.T. 5) were 
reviewed for mitotic activity in the intraepidermal por-
tions of fo ll icular and sweat duct openings, including at 
least two basal epidermal cells and corresponding su-
prabasal epidermal cells on both sides of each opening. 
The biopsy S.R. ~ had a total count of 7 mitotic fig-
Ftc . 1. Left-Prophase-The nuclear membrane is discontinuous and the nucleus is rounded. ~uclear material 
sLains in dots or clumps at periphery of nucleus-about 12 • 12 p.. Right-Metaphase-A cluster of two cells in 
mitosis-about 12 12 11• 
Ftc. 2. Left- Anaphase-about 12 x 12 p.. Right- ingle pole of telephase-about 9 x 15 p.. 
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FIG. :1 Le/t-Teleph:4«e-about 9 x 1511. Ril/hi-Telephase-about 9 , 11>11. 
1..\BU: I 
Concentration of nlltiiM'S. counts per '20 em of.,urface. drfferpnt area., ofthl' buttork-.,ame patient-.,ame time 
A 
S.W. 65 F 
M.A. 68 F 
S.R. fi:i F 
C.R. 67 F 
B.S. 61 F 
R.R. fill F 
A. H. 6fi F' 
.JT.'i:IM 
6 
II 
9 
:Ill 
2-1 
21 
.'lli 
Ill 
U UU A .\1 \ 3 lul'!> 
li 
--t-
11 9 10 
21 !.') lti 
17 'i 21 
l:l ~ 2'i 
:l/ 12 :l-t 
59 22 :l!i 
!)J :II 17 
.j.J 6:> :i2 
3 m I' \1 \Diu ... 
;; r ( ' 
1:1 ;)J 71 4.') 
107 74 98 9:l 
115 7;} 116 102 
;;;, :H 17 34 
19:1 146 215 185 
l'i4 :l47 220 247 
116 16 8 47 
25:1 289 2:15 259 
Mtun uf ull ltin~t-p m \alut ~ 
\loan ot oil H;ms.;t~ 
H IU \itiUf"!'. 
Per 20 em !»Urfute 
Per I em :.urface 
:10.0 6.0 Hi>.O 126.0 1!.()-:H'i.O 
Per 1 em epidermal 
dermal junction 
l.fi 
1.0 
0.:1 a.:l 
11.2 :!.2 
6.:1 0..1 l'i. l 
-1 •) o.:l 1l.i'i 
Per 1000 basal cells 0.9 11.2 1.9 l :u; 0.2 9.9 
urcs in 20 em ol surface. In these secttons there were 19 
follicular openin~,., including adJacent epidermis with no 
mitotic figures, and 25 sweat duct openings with no 
mitotic figure:.. The other biopsy .J.T. 5 had a total 
count of 289. Here there were 16 follicular openinw.; (and 
adjacent epidermis) with 6 mitotic figures, and 22 sweat 
duct openin~:s with 7 mitotic fi~:Ures, totaling 13 mitotic 
figures in and ncar all the follicular and sweat duct 
openin~:s for the btopsy. 
Therefore. in the counting, the mitoses in the follic· 
ular openings and sweat duel openings were counted 
down to the same level as the basal cell layer of ad -
joining epidermis. All mitotic- figures that could be 
brought into focus were counted, irrespective of location 
or apparent locallon relallve to lhe basal cell layer. 
Single poles of anaphase and telephase were seen fre-
quentlY, and these were counted as complete mitotic 
fiJi:Ures. 
ln a study of clustenn!( of mttottc figures 1t 1s of great 
importa nce not to exclude any cell in any stage of m•· 
tosis from the count It is obviously of equal importance 
not lo in dude resting cells. with variation of staming for 
exam1>le, in the count. 
To this end. the criterion of Robinson and toughton 
(Hl) previously referred w. was rigorously employed. All 
the slides in this study were read independently hy two 
separate oh;,erver~. one about len months after the 
other. 
As stated. 24 b10pstcs were taken at 9:00 A.M. The 
mean nf the number of mitotic figures per unit surface 
length for these morning hiopsies. was thus determmed 
twice. once by each observer and these two delermina· 
tions n~treed to withm S~ The same agreement to 
wrthm ll'• was found for the mean of the 24 biopstes 
taken at 3:00 P.M .. m the two sets of readings. 
Spaced .~ectiom; and adjacent ~ection..~. For each d e-
termination. mitotic figures were counted in enough of 
the 8 11 secllons to comprise 20 em of surface. With our 
optical system. earh oil tmmersion field had a diameter 
of 138 11· so that for 20 em of surface. 1450 such fields 
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AM-PM 
'ubject 
ErTOr 
With Subject 
F 31 fi.:l/22 4 
14.1, hi~hly 
significant 
TAHLE II 
-\nah.~'-' o/t·ariance 
S11mnt 
~qua r£> ... 
-+ ----.. 
:H.'i.:l 
271.0 
lfi6 . .'i 
105.5 
7 
7 
:t! I 
I 
\11'8n 
"'(JIIlUt• 
:llfi.:l 
38.7 
22.1 
:1.:1 
The analv~i~ was dune usin~t the square root transfor-
mation to impro' c homn~cneity of variance. 
The dilfcrem·cs in Ntt·h suhje<·t are mort> than ex-
pected from a Pmsson or chance dist rihut ion since we 
find the within suhjrct mran square to be :t:l. Thts is 
si~nificantlv lar~l'r than 2 0 the standardi zed variance 
which -.hould result !rom Poisson vanatron. F :l.:l/2.0 
1.6.'i whtch ('Orresponds to P 02. 
From this analysts ol vanance also. the morn in~ after-
noon change 111 ("ount wn~ of high statistical signifi-
cance. in nccord "ith diurnal vanauon previouslv re-
ported I 1. 21. 'lnp mmpnnent of variance associated 
wnh A.M P.M. differences as well as with subject dil 
ferences was estimated. The variance component lor 
A.M.-P.M. was 4.8 times that for subJect differences 
( 12.2l/2.fif>5). 
were studted requiring about 40 sertions. For most of 
the determinations. each fith section was counted and 
the rest omitted (I, 6, II, etc). For a few, each section 
''as counted. omitting none. ( 1. 2. :J, etc). In these the 
same mitotic ligon• showecl up in adjoinin~ sections fre-
quently. By checking hack and forth these figures were 
located and not counted tw•ce. :--lo mitotic figure mule! 
he seen twict> in ~ections one removed; i.e.: 1. 3, 5, etc. 
~o difference was found between the spaced section and 
the adjacent ~ect 10n countin~:. 
Measure~ and count~ Len~ths of ep1dermal dermal 
junction and epidermal ~tratum corneum junction wen• 
measured by a phntowaph1c techmque previously de-
scribed ( 18) HaJS<~l cell~ were counted by direct observa-
tion, all that could be bmu~:ht mtu focus hem~ counted. 
Individual cells 10 mitosts were measured with a cali-
brated eyepiece. 
RESlLTS 
The ratio of direct across surface length to 
length of epidermal stratum corneum junction 
was 1/1.19, and to length of epidermal dermal 
junction 1/1.51 (within 5~ ). The number of basal 
cells that could be brought into focus per em of 
direct across surface length was 1760 (within 5'1). 
Basal cells measured approximately 9 • lO p.. 
Cells in prophase varied from 10 j( 10 p. to 15 
15 1-1 and telephase cells from 8 • 12 1-1 to 9.5 
18.5 IJ. . 
Answers to three sets of questions were ob-
tained as follows : 
A) What was the concentration of mitotic fig-
ures (clustering) at different areas of the buttock 
of the same patient at the same time? Was the 
variation in concentration (or clustering) in ac-
cord with statistical chance. or significantly 
greater? 
For this purpose all of the 48 biopsies taken as 
described under Materials and Methods were 
used. For each biopsy, one site consisting of 
enough spaced sections to comprise 20 em of sur-
face (actually 1450 oil immersion fields with our 
optical system where each field was 138 1-1 in di-
ameter) were studied, and the number of mitotic 
figures found recorded in Table L 
Column A identifies the patient. Columns 1, 2, 
and 3 give mitotic count for 20 em of surface for 
morning biopsies and columns 4, 5 and 6 for af-
ternoon biopsies. Columns B and C show mean 
values. The counts are for spaced sect ions (1 6 11 
etc). The mean of all the morning and all the af-
ternoon counts are shown. and also the conversion 
to count per em of surface, per em of epidermal 
dermal junction, and per 1000 basal cells-using 
the data under conversion factors. 
Statistical evaluation of the results shows that 
the clustering of mitoses at different sites on the 
buttock same patient same time, is significantly 
greater than chance, both in the morning and the 
afternoon. 
Also the 9 00 A.M. 3:00 P .M . change in count 
was found of high stati!itical significance, in ac-
cord with the diurnal variation previously re-
ported ( 1, 2). 
In the statistical evaluation, use was made of 
an analysis of variance done on the data in Table 
TARLE Ill 
Cuncentratum 11{ mlliJ~£'.\, count.\ prr 20 em of .\urfare at 
d1f{(·rr•nl .\liP., tnlhm mdtt•tdual 6 mm bwpste~ 
lrlt·nt 1lu .u ~nn :-\ldt 
AH () 6 
(; H l .I() 
S. \\ 2 1:! 
All 15 
S.H. 2 ,')I 
M.A i) 6:1 
H.H. 2 2fi 
l\1 A :! ;,:! 
B.S. 5 20!-l 
H.S. ·1 141 
l'tnlr(' 
+ 
R 
:!.i 
.') I 
56 
75 
74 
59 
29 
ISO 
19:! 
6 
:10 
275 
Stall~! i(•al analvsih ol these results shows a hiJ:(hly 
significan t difference b<'twecn centre and side counts, in 
ex res!> uf "hat could he expected from a random chance 
variatinn This was performed a~ follows. It is assumed 
that v X 1 x,. where X 1 and X, are the side and 
tentre counts, is distnbuted approxtmately as a normal 
,·ariatf'. w1th zrru mean and unit ,-ariance under the 
null h~ pmhesis ol no diiTPrence Then the square of this 
vanate will be a stngle clegree of freedom ch1 square 
and the sum of all ten of these. a chi square with ten 
degrees ol freedom \\'t> computed chi square to be 25.1 
which cmrespnncls to a highlv si~iflcant d1fference P 
05~. 
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TABLE IV 
Chart {or recording 
Binp,, Sf'c&inn Cuun& pe 
number "t'<'lt•m I 
., ~ I 
DB.5 101 !3 T 
8 IT 9r I I 
I 
91 6 
I I 
I 
86 10 M M 
81 7 
76 3 M 
71 6 M 
1--1-- 1-
66 10 T 
I 
i I 
I 
61 II T 
I 
I 
56 8 M p 
I and this is shown in Table IT, and discussed in 
the legend under Table II. 
B) What was the concentration of mitotic fig-
ures (clustering) at different sites within one 
biopsy specimen, here about 6 mm diameter? 
Was the variation in concentration (or clustering) 
in accord with sta tistical chance or significantly 
greater? 
Ten of the 48 biopsies above were studied for 
this determination. Each of the ten was studied 
at two or three sites. Mitotic figures were counted 
in spaced sections taken from the center of the 
biopsy for all ten. For each count, about 40 sec-
;, t> 
' 
~ 
-
16 :n 
1-~~ 
p M 
M T 
T A 
T p 
p T p 
r T 
-
p p 
1-f.-~-
p 
1-
T 
T 
A 
A 
lions were used as described before, enough to 
give 20 em of surface. For seven of the ten. adja-
cent sections, enough for 20 em of surface were 
counted in addition on one side of center and for 
three of the ten, adjacent sections enough for 20 
em of surface were counted on both sides of 
center. The results are listed in Table III and the 
statistical analysis of the results is discussed in 
the legend for Table III. 
It was found that the clustering at different 
sites within the same 6 rom biopsy specimen 
varied more than chance, with high statistical 
significance. 
-· 
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TARLE V 
Conc:entratwn uf mitoses u·ithzn ·1350 spac:es •16 J.tll'lde. 
P:ramzned fur each uf 48 biopsle.\ 
q 1•1 A \1 \Diu.._ ~ IMl P ~~ valu"' 
A r--t ~ _ __._ __ 1 ----r-1 -,-
•. W. 65 F ~~--i'i-1--j--7-1 -
49 6~ 
I 
6 14 9 
M.A. 68 G 11 
.R. 55 F !J 
G.R. 67 F ~0 
B.S 61 F 2-1 
22 
B.B. 66 F 24 
20 
2 
A.H. 65 F S6 
54 
I 
.J.T . i:3 M 46 
_j 1 
21 
19 
15 
7 
:li 12 
:l.'i 40 
1 1 
59 22 
51 
S1 
4-1 
42 
1 
l 
~4 
28 
a 
6fi 
6:l 
1 
107 
95 
6 
115 
107 
4 
55 
51 
2 
l!l~ 
17~ 
10 
174 
119 
II 
I 
116 
10~ 
5 
253 
215 
16 
2 
74 
72 
I 
75 
71 
2 
~1 
146 
126 
10 
:!47 
276 
3-1 
16 
289 
24-1 
18 
3 
98 
92 
:~ 
116 
108 
I 
17 
215 
185 
15 
220 
lll2 
16 
2 
8 
2a5 
205 
12 
2 
C) What was the concentration of mitotic fig-
ures (clustering) at different areas within one site 
(20 em of surface; about 40 sections) as described 
in the preceding? Was the variation in concentra-
tion, (or clustering} m accord with statistical 
chance or significantly greater? 
For this de termination the spaced sections 
from the 48 biopsies used for Table I were em-
ployed and charts were made, as shown in Table 
IV, to facilitate the recording of phase and loca-
tion of each of the mitotic figures found in ap-
proximately 40 sections (20 em of surface per one 
site} examined under oil immersion for each 
biopsy. 
The first three vertical columns of these charts 
were used to show the biopsy identification, the 
section number, and the total count of mitotic 
figures in that section. 
Each oi l immersion field with the optical 
system of our microscope (objective 100 x , eye-
TABLE \'I 
Chi square valuel> for de\'iation from Poisson 
-- Hu•l"' I 
M.A. 2 I 
R.8. I 
H.B. I 
A. IL a 
R.R.2 
G.R I 
S.\\ . 6 
M .A. I 
A.H. I 
B.S. 5 
1:\.B. 4 
R.S. I 
B.S . 6 
B.l:\.6 
.J.T. 6 
.J.T. 4 
.J.T. 5 
B.B. 5 
Count --r 
21-j-
19 
1 
24 
22 
I 
24 
20 
2 
:l-1 
28 
3 
59 
51 
·I 
5.'i 
51 
2 
71 
6:3 
-1 
107 
9.i 
6 
116 
l();j 
5 
116 
126 
10 
174 
149 
II 
1 
193 
173 
10 
215 
18fi 
}!) 
220 
182 
16 
2 
235 
205 
12 
2 
24:l 
215 
16 
2 
289 
244 
18 
3 
347 
276 
:l4 
I 
1.0833 
1.0727 
1.16:~6 
1. 1538 
1.1259 
1.0555 
1.()920 
1.0897 
1.1127 
1.10--14 
1.1200 
1.0586 
1.0910 
1.1504 
1.1000 
1.1153 
1.1204 
Ll340 
21 
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pieces 15 x) had a diameter of 138 JJ., as deter-
mined by direct measurement with a calibrated 
evepiece. The numbered vertical columns repre s~nt adjacent 138 p. widths of the section under 
studv. About 36 such columns were included in 
the charts. In addition, as ·hoYo'Il, the numbered 
vertical columns are d1vided into three subcol-
umns. by two fainter drawn hnes. Each of these 
subcolumns represents a width of 46 JJ.. MitotiC 
figures found within anv of the numbered fields 
(an oil immersion field 138 p. in width) could be 
assigned readily to the center, left of c~nter, or 
right of center subcolumn by observatiOn. For 
each biopsy. 4:350 fields of 46 JJ. as above were 
examined and location and phase of mitotic fig 
ures reco;ded. About 40 sections were needed for 
this number of fields, which gave a count for 20 
em of surface. Table IV shows the actual findings 
for part of biops~ B. B. 5-sections 101. 96. 91, 86, 
81. 76. 71, 66, 61, 56. 
From these charts, Table V was derived which 
shows the results for the 24 biopsies taken at 9:00 
A.M. and the 24 taken at 3:00 P.M. For Table\', 
in each of the columns. I through 6, the first 
number 1s the total count for all 4,350 spaces of 
that biopsy. There is one number only in the re-
spective column, if in the biopsy in qu~stion, no 
more than one mitotic figure appeared m any of 
the 46 JJ. wide spaces occupied by a mitosis. Some 
biopsies had spaces which contain~d m~re than 
one mitotic figure. For these the lollowmg con-
vention was adopted. The first and top number 
represents total count. The numb~r immedi.ate~y 
beneath shows number of spaces w1th one m1tot1c 
figure; the nu mher beneath the preceding gives 
the spaces with two mitotic ligures, and the num 
ber beneath again. the number of spaces w1th 
three mitotic figures. To illustrate. B.B. 5. total 
count :147. had 4039 spaces empty of m1tot ic 
figures, 276 spaces occupied by one. 34 spaces by 
two, and one space by three mitotic figures. _ 
It is to be expected that when there are 34t 
mitotic figures in the 4:350 spaces studied. these_ 
will be more crowded, and with greater chance ol 
more than one figure being found in a space 
than with a total of 6 mitotic figures in the 4350 
spaces. However, the chi square ~est ~ke this .into 
account. It involves the calculauon of the rauo of 
var iance to mean for the number of spaces with 
no mitotic figures, and the number with one, two, 
or three mitotic figures (17). For a random chance 
or Poisson distribution, values of one are expected 
for this ratio, and the larger the ratio. the greater 
the variation from chance. 
It was found that five of the morning and thir-
teen of the afternoon biopsies showed clustering 
significantly in excess of chance(> 5% level). T~is 
was the most sensitive of our methods of stalls-
tical analysis. These eighteen significant ch1 
square val~es are listed in Table VI. . . 
In the spaces occupied by two or three m1tollc 
figures. the figures were inspected for synchrony 
of phase. All combinations of phase occurred, and 
none distinctively more frequent than the others. 
DISCUSSION 
Thus. from the preceding, the clustering of 
mitot1c figures in human epidermis was found 
statistically s1gnificant. and in excess of chance. 
To explain these findings, some cause for the 
clustering can be looked for. 
A cell produced mitosis stimulating factor, ini-
tialing a spread of mitotic activity from multiple 
foci, could result in significant clustering. 
The ebb and flow of mitotic activity might lit 
the following pattern. At 9:00 A.M .. antimitotic 
factor (or factors). all pervading and probably 
serum related. is active. Mitotic activity is low 
throughout the skin. Significant clustering, pos-
sibly due to spread from a cell in mitosis of a 
mitosis stimulating factor, while present, is not 
marked. 
At :1:00 P.M. the antimitotic factor has been 
relatively mactlve long enough for mitotic ac-
tivitv to- he significantly higher, and statistically 
stgn;ficant clustering is also much more in ev~­
dence. Perhaps it may be assumed that the ml-
tosL stimulating factor continues to spread and 
to initiate more mitosel:>. enlarging the clusters, 
until an upsurge in the antimitotic factor damps 
the whole process down. 
It appears that both the initiation and the clus-
tering of mitotic activity are diminished, and the 
9:00 A.M. situation is approximated. Possibly, 
the same factor which initiates mitosis also 
causes clustering. At any rate. initiation of mi-
tosil:> and clustering are suppressed together, 
and it seems likely that both are antagonized and 
balanced by the diurnally varying antimitotic fac-
tor or factorl:>. 
At the next d1urnal lessening of the antimitotic 
factor, mitotic activity and :>pread may start 
again, this time other cells entering mitosis w~ile 
the mitotic cell:;; of the time before are gomg 
through their resting stages. . 
According to present theory, the d1urnally 
varying adrenal steroid chalone complex is .suc.h 
an antimitouc lactor; and our postulated m1tos1s 
stimulating factor would have the characteristics 
of an epidermal antichalone. 
Acknowledl(ment 1g made of the a;;sis~ance a~d dedi -
calion of Mrs . . Jana Han~en in the m1tollc counting, and 
of the mt>tH'ulous precigion in mitotic countmg and !o-
rating of Mr. ,James A. Ducharme. . 
Acknowledgment is made also of the as.~1stance of 
Dolores Adams and Karen Yuen, of the Department of 
Hiomathemutics, Cniversily of California. Los Angeles. 
Califnrmn. 
REFERE:-.JCE 
Kahn, G. Wein~tem, G. D. and Frost, P. : Kinet1cs 
uf human eptdermal cell proliferauon : Dturnal 
vartatl()n. ,J. Invest. Derm., 50. 459, 1968. 
2 F1sher. L. B.: The dmrnal mitotic rhythm in the 
human epid!'rm1~. Brit J. Derm .. 80: 75, 1968. 
:1. Bullough, W S.: Mitotic and functional homeo-
stasis: A speculative review. Cancer Res., 25: 
168.1, 1964. 
4. Bullou~h. W. . and Laurence, E. B.: Chalones and 
cancer. Nature, 220.· 134. 1968. 
MITOTIC ACTIVITY IN HUMAN EPIDERMIS 23 
5. Marrs, .J. M ond Voorhees, J .. J. : A method for 
bioas<;av of an epidermal chalone like inhibitor. ,J 
Invest Derm., .56. 171, 1971. 
6. Bullough. W. :5. · The control of mitotic activity in 
adult mammalian tissues. Brit. Rev .. 37· :307, 
1962. 
7. Rytomaa. T . and Kiviniem1. K.: Control of granulo-
cyte produC'tion. I. Chalone and amichalone, two 
spec1tic humoral regulators. \ell Ti~sue Kinetics. 
1 :n9. 1968. 
8. Fleming. W .. L'ber die regeneration verschiedener 
epithelien durch mitotische zclltheilung. Arch F. 
mik AnaL. 2.J :172. 1885. 
9. Thuringer, ,J. M. SLUdies on cell division in the 
humun epidermis. Anal. Rec., .JO. I , 1928. 
10. C'ooper, Z. K.· M110l1c rhythm in human epidermis. 
,J. Invest. Derm., 2: 289, 19a9. 
II. Broders, A. C'. and Duhlin, W. B.: Rhythmieity of 
mitose~ in the ep1dermis of human beings. Proc. 
Staff Meet. Mayo Clime. 1·1· 42:3, t9:l9. 
12 Scheving. L. C'.: Mitot1c activity in the human epi-
dermis. AnaL Rec .. /,'J.5· 7, 1959. 
1:t \'an Scmt, K J . and Eke!, T. M.: Kinetics of hyper-
plasia in psoriasis. Arch. Derm., 88: 373, 1963. 
II. Davis, J. C.: The effect of cortisol on mitosis in the 
skin olthe mouse .• J. Path. Bact., 88: 247, 1964. 
1fi Thurin~:er. ,J and Katzber. A. A. : The effect of age 
on mitosis in the human epidermis .. J. Invest. 
Derm .. :n 35. 1959. 
16. Hnbinson. T. W E and .'toughton, R. B.: The ef-
fect of methotrexate nn cell di,•ision in the epi-
dermb ol the young rat. .J. Invest. Derm .. 53· 223. 
1969. 
17. D1xon, \\' .• ) and Mas.~e~·. F' . • J .. Jr.: Introduction to 
Stati.,ltca/ Analysis, :ird ed. McGraw Hill Book 
Co .. l\ew York, 1969. 
18. Howe, L. : Volu me of epidermis and dermal papillae 
in psnriosi~<. actinic keratoses. and lentigo. J. In-
vest. Derm .. ·16· :374, 1966. 
